A 42-kDa protein appeared at a much higher concentration in plasma from Trypanosoma brucei-resistant (C57BL/6) mice after infection than in plasma from trypanosome-susceptible (C3H/He) mice. This protein was purified by sequential steps of gel filtration, protein A-Sepharose affinity chromatography, isoelectric focusing, and ammonium sulfate precipitation. The purified protein was identified as a subunit of the acute-phase reactant haptoglobin. Causes of elevated plasma haptoglobin and its implications for resistance to trypanosomiasis are discussed.
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In humans and domestic animals infection with salivarian or African trypanosomes, if left untreated, commonly leads to death (9, 23) . However, certain breeds of cattle, sheep, and goats, as well as some species of wild animals, exhibit a significant degree of reduced susceptibility to the pathologic consequences of trypanosome infection and may even spontaneously recover (15) . While trypanosome infection is invariably lethal in laboratory mice, there is wide variation in the resistance of different inbred mouse strains as measured by survival time. Thus, inbred mice have been used to study genetic (11) and immunologic (12) aspects of natural resistance to trypanosomiasis. In an earlier study we examined the regulation of parasite-specific antibody responses in resistant (C57BLI6) and susceptible (C3HIHe) mice infected with Trypanosoma brucei (5) . In the course of performing that study, it was noticed that a 42-kDa protein consistently appeared at a much higher concentration in plasma from T. brucei-resistant mice after infection than in plasma from trypanosomiasis-susceptible mice (Fig. 1A (19) . Any of these functions could affect an animal's resistance to pathogenesis from an infecting microorganism.
To characterize the protein detected by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in trypanosome-resistant mouse plasma, a protocol was developed for its purification. As a first step a specific rabbit antiserum was prepared against the 42-kDa protein by immunization with antigen bands excised from SDS-polyacryl-amide gels, according to a procedure described previously (24) . Contaminating activity against other mouse plasma proteins was removed from the antiserum by four consecutive overnight incubations at 4°C with increasing concentrations of uninfected C57BL/6 mouse plasma; each incubation was followed by centrifugation for 30 min at 100,000 x g to remove antigen-antibody complexes. The absorbed antiserum was demonstrated to be highly specific for the 42-kDa protein by immunoblot analysis of total plasma protein taken from uninfected C57BL/6 mice and C57BL16 mice infected for 8 days with T. brucei GUTat3.1 parasites (5) (Fig. 1B) . This antiserum was then used to monitor the presence of the 42-kDa molecule in samples obtained from protein fractionation procedures.
Size fractionation of infected C57BL16 mouse plasma was performed by gel filtration with Sephacryl S-300 (Pharmacia Fine Chemicals, Uppsala, Sweden). Samples of plasma (5 ml) were applied to a Sephacryl S-300 column (2.6 by 88.5 cm) equilibrated with phosphate-buffered saline (PBS) (20 mM sodium phosphate [pH 7.6], 150 mM NaCl). Fractions of 4 ml were collected and assayed for protein byA280 ( Fig. 2A) and for presence of the 42-kDa molecule ( Fig. 2A) Figure 2B , lane g, shows the SDS-PAGE analysis of the final product of this purification protocol reduced with 2-mercaptoethanol; SDS-PAGE of the unreduced product is shown in Fig. 3A (lane b) .
The molecular weight of the unreduced purified molecule (115 kDa; Fig. 3A, lane b) , its isoelectric point (about 4.4), its subunit structure (polypeptide chains of 42 and 12 to 15 kDa), its quatemary structure size (200 to 300 kDa), and its appearance in plasma after infection suggested that the molecule might be the acute-phase reactant haptoglobin (25) . This hypothesis was tested in a ligand-binding experiment. Unreduced, purified protein and the proteins of postinfection and preinfection plasma were resolved by SDS-PAGE and transferred to nitrocellulose (6 lulose was reequilibrated with PBS, and haptoglobin was then localized by overnight incubation with 1 C-methylated hemoglobin (Amersham International, Amersham, United Kingdom). Bound radiolabel was visualized by autoradiography. Hemoglobin was observed to bind to the purified 115-kDa protein (Fig. 3B, lane a) and to a molecule of the same size in the acute-phase plasma (Fig. 3B, lane b) . The cause of the much greater increase in plasma haptoglobin in the resistant mice compared with the more susceptible mice is not known. The main function of haptoglobin in the acute-phase response appears to be to bind free hemoglobin released during hemolysis, thus preventing glomerular filtration of hemoglobin which could lead to kidney damage and irreversible loss of iron from the body (13) . The synthesis of haptoglobin increases rapidly in response to many types of infection or injury, producing an increased plasma level of 5-to 30-fold in rodents (13) . T. brucei infection of dogs has been reported to increase plasma haptoglobin about fivefold (17) . However, when hemolysis occurs it greatly reduces the plasma half-life of haptoglobin (the t1l2 of hemoglobin-bound haptoglobin is about 90 min, while the t112 of free haptoglobin is around 3 days) (13) . Thus, when reduced levels of serum haptoglobin 7 to 10 days after infection were reported for trypanosomiasis in cattle, it was reasoned that bound haptoglobin had been removed from the circulation (10) . The lower level in C3H/He mice then might be explained by a much greater amount of hemolysis in those mice, although that has not been observed. Alternatively, the higher level of haptoglobin in resistant mice might be the result of a greater level of synthesis. The synthesis of haptoglobin and other acute-phase reactants can be stimulated by several cytokines (interleukin-1 [IL-1], tumor necrosis factor alpha, IL-6, leukemia inhibitory factor, IL-li) and glucocorticoids, alone or in various combinations (3, 4, 20) . Several of these molecules (IL-1, tumor necrosis factor alpha, and IL-6, which is the major inducer of the acutephase response) are products of activated macrophages. Interestingly, resistant strains of mice have previously been noted to produce more macrophage-activating factors in response to trypanosome infection (8, 22) . However, the acute-phase regulation of haptoglobin synthesis is complex, with different stimulatory hormones acting through different trans-activating nuclear factors (1, 16) on different cis-acting regulatory elements of the haptoglobin gene (2) . Thus, increased haptoglobin synthesis in the resistant mice could also have resulted from an increase in any of the other acute-phase response-stimulatory molecules. Measurement of the elevation of IL-6 levels in the sera of the different strains of mice after trypanosome infection and the quantitative relationship between IL-6 level and haptoglobin synthesis in different mouse strains may clarify this situation.
The significance of the greater increase in plasma haptoglobin in mice resistant to trypanosome infection is also unclear. It may be a bystander effect not directly relevant to resistance to trypanosomiasis. In that case, the increased level could reflect less removal of haptoglobin because of much less acute hemolysis or increased synthesis of haptoglobin secondary to increased macrophage activation but could itself not be directly involved in resistance to the parasite infection. However, there are several ways in which increased levels of plasma haptoglobin could affect pathogenesis in trypanosomiasis. First, the long-term consequence of increased haptoglobin production should be improved iron conservation, which would mitigate the chronic anemia which is perhaps the major pathologic consequence of African trypanosomiasis. Also, the peroxidase activity of the hemoglobin-haptoglobin complexes may locally inactivate inflammatory cell products which cause tissue damage in chronic disease (13) . While these two mechanisms may affect the chronic course of disease, they could not explain the profound difference observed between C57BL/6 and C3H/He mice in the early susceptibility to disease. Unlike resistant mice, C3H/He mice are not able to control the first wave of parasitemia, apparently because of a suppressed antibody response to the parasite's surface antigen in the first 1 to 2 weeks of infection (5) . Much of the effective antibody response against trypanosome surface antigens appears to be T cell independent, occurring efficiently in T-lymphocyte-deficient nude mice (7) . In fact, the first peak of parasitemia is better controlled in nude mice than in nul+ controls, suggesting that activated suppressor T cells contribute to immunosuppression in trypanosomiasis (7) . Recently, it has been shown that haptoglobin, at acute-phase response levels, can significantly depress T-cell stimulation (18) . Thus, increased levels of haptoglobin could function in resistant mice to prevent an early T-cell-mediated immunosuppression that in susceptible mice interferes with control of the first wave of parasitemia.
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